Carotenoid and retinol concentrations were determined in chicks hatched from carotenoidenriched eggs while being fed a carotenoid free starter diet. Single Comb White Leghorn (SCWL) hatching eggs were obtained from breeder hens fed diets enriched with either 0.2% /3-carotene, canthaxanthin, lutein, or basal control. Twenty-five day-old chicks hatched from each treatment group were placed in a battery and fed a carotenoid-free basal diet. At 1, 4, 7, 10, and 13 d, five chicks per treatment were randomly selected, and blood serum, liver, and unabsorbed yolk sac were collected for carotenoid and retinol analysis. There were no significant differences in retinol concentrations in the serum,
INTRODUCTION
Avian egg yolks are notable for their color, which is determined solely by pigments in the diet and by the capacity of the bird to absorb and transport them to the yolk (Palmer and Kempster, 1919; Scott et al., 1968; Guenther et al, 1973) . In common with other vertebrates, birds are unable to synthesize fat-soluble pigments from other compounds, although slight modifications to ingested pigments are possible. A large proportion of the yolk pigments are transported through the blood from the intestine by lipoproteins. Specific binding proteins for pigments were mentioned by Williams et al. (1963) , who found that carotenoids were deposited in yolk before they were deposited in adipose tissue. The results of a study by Plack (1963) showed that day-old chicks contained 76% of the carotenoids present in eggs laid by their mother. It is well documented that some of the carotenoids such as /3-carotene can be converted into liver, and unabsorbed yolk sac of the chickens. Only small amounts of /3-carotene were detected in the chick tissues. Concentration of all three carotenoids and retinol were greater in the liver and unabsorbed yolk sac than in serum. In the serum and liver, respective carotenoid concentrations decreased and retinol concentration increased with increasing age, whereas respective carotenoid and retinol concentrations in the unabsorbed yolk sac increased over time. It may be concluded that yolk sac carotenoids are not absorbed well, as unabsorbed yolk sac concentrations increased over time, and that carotenoid in serum and liver decrease linearly with increasing age.
1996 Poultry Science 75:1258-1260 vitamin A in the animal body (Erdman, 1988; Olson, 1989) .
Several epidemiological studies have suggested inverse relationships between carotenoids, such as /3-carotene concentrations in plasma, and risk of certain types of diseases (Shekelle et al, 1981; Paganini-Hill et al, 1987; Sklan et al, 1989; Coodley et al, 1993) . The first weeks are very critical in the life of chicks, as they are more susceptible to diseases during this time. If carotenoids can be transferred from the hen to the chicks successfully, it is presumed that they might influence the health or immune status of neonatal chicks. This experiment was conducted to determine the concentration of carotenoids and retinol in neonatal chick tissues from carotenoid-enriched hatching eggs.
MATERIALS AND METHODS
Hatching eggs were collected from Single Comb White Leghorn (SCWL) hens fed a milo-based diet containing either no added carotenoids (basal control), 0.02% /3-carotene (pro vitamin A), canthaxanthin, or lutein (Haq et al, 1995) . /3-Carotene and canthaxanthin beadlets, 2 containing 10% active ingredient, and liquid chromaphyl-L, 3 containing 85% trans-lutein, were used to supply respective carotenoids. Eggs were collected for a 1-wk period commencing 20 d after the initiation of (Key words: egg, /3-carotene, canthaxanthin, lutein, retinol) carotenoid feeding. Ten eggs from each group were randomly collected and analyzed for carotenoid and retinol concentrations and 50 eggs from each group were incubated. Twenty-five-day-old chicks hatched from each carotenoid group were randomly chosen and placed in a Petersime battery. 4 All chicks were fed a milo-based basal diet formulated to meet the nutrient requirements of the replacement pullet (NRC, 1994) . Feed and water were provided for ad libitum intake throughout the experiment and continuous light was provided. At 1, 4, 7, 10, and 13 d, five chicks per treatment were randomly selected and blood specimens were collected from individual birds by brachial venipuncture. Blood samples were allowed to clot at ambient temperature and then centrifuged for 10 min at 3,000 rpm at 4 C. Serum from each sample was extracted separately using individual sterile Pasteur pipettes. Each bird was then killed by cervical dislocation and liver and unabsorbed yolk sac were collected. The serum, liver, and yolk samples were kept frozen at -20 C until used to determine carotenoid concentration using HPLC as described by Haq et al. (1995) with these exceptions: 1) For yolk samples one gram of yolk instead of feed was weighed into a 100-mL volumetric flask. 2) The photodiode array detector was set to record absorbance at 445 nm for the carotenoid and 325 nm for retinol.
Statistical Analysis
The data obtained in the study were analyzed by ANOVA in a one-way classification using the General Linear Models (GLM) procedure of SAS® SAS Institute (1985) . Means were separated using the Duncan's multiple range test option. Linear trends in carotenoid and retinol 4 Petersime Incubator Co., Gettysburg, OH 43528. concentration in liver, serum and unabsorbed yolk sac over time were determined using the regression (REG) procedure of SAS®.
RESULTS AND DISCUSSION
Supplementation of /3-carotene, canthaxanthin, and lutein in the diets significantly increased the levels of respective carotenoid in the eggs. Concentrations of /3-carotene, canthaxanthin, and lutein in the eggs from hens fed respective carotenoid were 3.45, 65.11, and 64.68 Mg/g yolk, respectively.
The linear regression of time after hatch on the concentrations of carotenoids (Table 1) and retinol  (Table 2) in chick liver, serum, and unabsorbed yolk sac were computed. The slopes for respective carotenoid concentrations in the liver, serum, and unabsorbed yolk sac were significantly different from 0 (Table 1) . Concentrations of /3-carotene, canthaxanthin, and lutein in the serum and liver of chicks hatched from respective carotenoid-enriched eggs were highest at 1 d and decreased with age. In contrast, the concentrations of /3-carotene, canthaxanthin, and lutein in the unabsorbed yolk sac increased with age, suggesting that carotenoids were not well absorbed and became more concentrated as other yolk sac components were absorbed.
The slopes for retinol concentration in the liver were significantly different from 0 for all dietary treatments, whereas the slopes for retinol concentration in the unabsorbed yolk sac were significantly different from 0 only for the lutein treatment (Table 2) . Surprisingly, for serum retinol concentration, the slope was significantly different from 0 only for the canthaxanthin treatment and not for provitamin A (/3-carotene). There was a positive relationship between time after hatch and concentration of retinol in the chick serum, liver, and yolk sac contents. The present data corroborated earlier findings about lower concentrations of all three carotenoids, but higher concentrations of retinol in the serum Means ± SEM.
of chick at the age of 5 wk than at 3 wk (Haq et al, 1995) .
The results of this experiment suggest that although carotenoids can be transferred to the chicks via egg yolk, they are apparently not absorbed particularly well. It is suggested that there might not be enough carotenoids present after 3 d to positively influence health and immune function in chicks. These findings might explain our previous findings that /3-carotene, canthaxanthin and lutein are not effective in increasing neonatal immune response of chick when supplemented in breeder diets (Haq et al, 1995) .
